Page 1

3GPP TSG RAN WG1 Meeting 90bis















R1-1717381
Prague, Czech Republic, 9th – 13th, October 2017
Source:
Intel Corporation

Title:
Ultra-reliability for NR PDCCH
Agenda item:
7.3.1.5
Document for:
Discussion and Decision

1 Introduction

This is a revision of R1-1716309 from RAN1 NR AH#3 with evaluation results updated based on latest agreements.

The design of DL control channel for NR system is being finalized. Recently, the following agreements related to PDCCH design concerned with reliability were made:
	Agreements:

· Confirm the following working assumption:
· DM-RS density per REG is 1/4 at least for normal CP.
· FFS: orthogonal DMRS for MU-MIMO at RAN1 NR AH#3.
· FFS: URLLC
· DMRS density per REG for extended CP is same as that for normal CP
Agreements:

· Supported aggregation levels for NR-PDCCH are at least 1, 2, 4, 8

· FFS 16 and 32 aggregation levels and also other numbers


In this contribution, we discuss NR PDCCH design aspects to support URLLC applications, assuming that general principles of NR PDCCH design are reused. Other aspects related to URLLC design are discussed in our companion contributions [1]-[2].
2 PDCCH Reliability Aspects

2.1 Payload Considerations

From PDCCH reliability perspective, it is desirable to minimize payload size of the DCI format used for URLLC services as much as possible to increase redundancy per information bit of the control signaling. The fields of DCI format used for scheduling URLLC transmissions should be properly examined in order to reduce amount of bits carried by DCI removing any unessential functionality. For instance, if some of the information can be pre-configured without performance degradation it is better to use pre-configuration rather than dynamic indication of certain parameters. For instance it may be possible to reduce granularity of MCS table, use pre-configured transmission scheme, DMRS related information, etc. In addition, given that URLLC transmissions are likely to occupy wideband allocation, it is desirable to increase granularity of shared channel resource allocation and operate using predefined frequency sub-channels. From time domain allocation perspective, it may be also possible to restrict resource allocation granularity, while still keeping fine granularity in terms of access to resources.
Proposal 1
· Minimize payload size of DCI used for scheduling of URLLC type of transmissions (i.e. use compact / compressed DCI)
· Increase MCS table granularity or use dedicated MCS table;
· Increase granularity of frequency resource allocation;
· Operate with the pre-configured transmission mode/scheme;
· Pre-configure timing relations for of DCI with PDSCH/PUCCH/PUSCH.
2.2 Soft Combining of Shared Channel
In case if blind/automatic retransmissions of shared channel are supported, the overall reliability can be further increased if each DCI indicates information about shared channel resources used for all retransmissions of a given TB, so that soft-combining of the shared channel can be enabled even if UE missed some DCIs. The indication of resource allocation information for all retransmissions of a given TB may be expensive in terms of DCI payload, but is essential functionality for overall reliability. Therefore instead of providing dynamic time-frequency resource indication for each retransmission of a given TB, the time and /or frequency resource allocation pattern for blind URLLC transmission can be indicated. In this case, the subset of time transmission patterns can be pre-configured and specific pattern can be dynamically indicated. In addition, the retransmission counter/index may be explicitly (in case if no PDCCH combining is assumed) or implicitly (in case if PDCCH combining is assumed) carried by DCI.
Proposal 2
· In case of blind DL retransmissions, each DCI can point to all shared channel resources carrying the same TB.
2.3 Multiple Transmissions of Control Channel
For URLLC applications, it is also desirable to enable multiple transmission and/or soft combining of control channel transmissions (e.g. using Chase combining). However the combining of control channel may not be easy to achieve. For instance, the combining of control channel transmission in time corresponding to the same TB may increase amount of blind decoding attempts, since UE does not know time instance of initial transmission. In this case, the initial transmission may need to be separately indicated (e.g. using DMRS or by other signaling). In case of additional indication, UE can derive information on retransmission index. Therefore, in order to support control channel combining across time resources, multiple hypothesis testing may be needed that will increase UE complexity and negatively affect latency.
Alternatively, for DL control channel, the combining in frequency may be easier to implement, if a UE is aware which frequency resources need to be combined (see Figure 1). The combining in frequency may be viewed as the increased aggregation level, with a key difference that the latter may increase number of blind decoding attempts, while repetitions in frequency may be simply pre-configured and separately indicated to the UE. The approach based on combining in frequency does not imply that PDCCH content should be the same across different time instances containing DCI for the same TB, while providing similar effect on reliability of control channel transmission as combining over time, since in DL the more resources are utilized in frequency the more energy per information bit can be collected.
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Figure 1. Multiple PDCCHs in different CORESETs scheduling the same PDSCH

In order to keep the number of blind decodes limited for the combining in frequency, in one option, the PDCCH candidate on the same AL with the same index from different search spaces or CORESETs can be associated for soft-combining. For instance, assuming 2 PDCCH candidates are defined for AL 4, as shown in Figure 2, first PDCCH candidate for AL 4 in the first CORESET or search space can be associated with the first PDCCH candidate for AL 4 in the second CORESET or search space, respectively.
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Figure 2. PDCCH candidate association between multiple CORESETs or search spaces

Proposal 3
· UE can be semi-statically configured to expect that DCI scheduling the same PDSCH is transmitted in multiple CORESETs
· A UE can be semi-statically configured with associated search spaces across multiple CORESETs for soft combining of PDCCH candidates

2.4 Control Channel Blockage Probability

In general, the control channel blockage probability should be controlled by gNB. In order to reduce blockage probability UEs can be assigned with multiple CORESETs (some of these CORESETs can be monitored while some can be reserved for monitoring activation). In order to reduce control channel blockage probability, mechanisms to support dynamic switching of CORESETs or search spaces within the CORESETs should be considered.
Proposal 4
· Enable mechanisms to dynamically switch monitored CORESETs or search spaces within CORESETs.

3 PDCCH Reliability Evaluation
In this section, link level evaluation of NR PDCCH based on recent agreements is provided. First, one-shot performance is checked for 30 bit payload sizes and two aggregation levels: 8 and 16 aggregation levels. Also, following the FFS from the previous meeting about support of DMRS densities other than 1/4, we evaluate two different densities: 1/4 and 1/3. The 60 kHz numerology is taken in order to see potential channel estimation issues with sparse DM-RS RE placement. The results for two different channel models are presented in Figure 3.
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Figure 3. NR PDCCH single-shot performance.
As an evaluation criterion we use the coverage edge SINR of Urban Macro scenario as defined by IMT-2020 requirements. According to the MIMO calibration results, the Urban Macro 5% SINR for non-beamformed case is in range of [-5, -2] dB. The value of -5 dB is taken as a worst case. Note, that in case of beamformed operation, the coverage edge SINR jumps to ~10 dB as per the calibration results, which however is not considered for current analysis.
From the one-shot performance analysis, it can be observed that:

· The 30 bit DCI payload can be served at -2:-5 dB by AL 16 for single shot transmission.
· The higher DM-RS density (1/3 in this example) does not provide gains in terms of BLER performance comparing to the 1/4. The gain in channel estimation is diminished by increased code rate.
Obviously, targeting URLLC requirements from single shot is not a proper design choice since the 1e-5 BLER performance is required within 1 ms latency budget. The 1 ms budget may accommodate several retransmissions, therefore a more realistic assumption would be to model retransmissions. In the next set of results, we show the analytically derived performance results for the case of PDCCH retransmissions. It is assumed, that PDSCH performance is not a limiting factor, moreover, the DTX-to-NACK and ACK-to-NACK errors are considered to be sufficiently lower than the target PER. The blockage probability is also not taken into account. In Figure 4, the results for 1/4 DM-RS, AL = 8 with up to 3 retransmissions are shown.
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Figure 4. NR PDCCH multi-shot performance.
From the analysis presented in this section it can be observed that introduction of large ALs beyond 8 may not be required to achieve the URLLC targets if retransmissions of PDCCH are applied. Moreover, if further smaller payload is used along with larger number of antennas, the performance is expected to satisfy the requirements from single shot for AL ≤ 8. However, considering an implementation margin, it may be useful to enable a single AL > 8 value to serve extreme requirements for PDCCH.
Observation 1
· NR PDCCH performance for URLLC does not depend much on DM-RS density.
· For single-shot compact DCI, AL=16 can achieve 1e-5 at -5 dB SNR.

· For multi-shot compact DCI, AL = 8 can achieve 1e-5 at -5 dB SNR.
4 Conclusions

In this contribution, we discussed some of the URLLC design aspects in application to DL control channel design. Based on the discussion and analysis, we have the following observations and proposals:
Proposal 1
· Minimize payload size of DCI used for scheduling of URLLC type of transmissions (i.e. use compact / compressed DCI)

· Increase MCS table granularity or use dedicated MCS table;
· Increase granularity of frequency resource allocation;
· Operate with the pre-configured transmission mode/scheme;
· Pre-configure timing relations for of DCI with PDSCH/PUCCH/PUSCH.
Proposal 2
· In case of blind DL retransmissions, each DCI can point to all shared channel resources carrying the same TB.
Proposal 3
· UE can be semi-statically configured to expect that DCI scheduling the same PDSCH is transmitted in multiple CORESETs

· A UE can be semi-statically configured with associated search spaces across multiple CORESETs for soft combining of PDCCH candidates
Proposal 4
· Enable mechanisms to dynamically switch monitored CORESETs or search spaces within CORESETs.

Observation 1
· NR PDCCH performance for URLLC does not depend much on DM-RS density.
· For single-shot compact DCI, AL=16 can achieve 1e-5 at -5 dB SNR.

· For multi-shot compact DCI, AL = 8 can achieve 1e-5 at -5 dB SNR.
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Annex – Evaluation Assumptions

In this section in Table 1 we provide the lists of link level evaluation assumptions.

Table 1: Link Level Evaluation Assumptions

	Parameter
	Value

	System bandwidth
	20 MHz

	Numerology
	60 kHz

	TBS
	30

	FEC type
	Polar, LS 8

	CRC size
	24 bit

	Tx-Rx antenna configuration
	2x2

	Transmit diversity scheme
	SD-CDD

	Channel estimation
	25% and 33% DM-RS density, practical channel estimation (MMSE)
6 REG bundling

	Channel model
	TDL-A 30ns, TDL-B 300ns

	Simulated nCCE
	8, 16
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